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IH7BSTIGATION  OF  AEEODTNAHIC  CHARACTERISTICS  OF  V-EIMGS  WEAR 


SOLID  SORFACB 


(Reported  at  Scientific-Technical  Conference  of  LKI  [Leningrad 
Sh ip-Bnilding  Institute]  in  Hay  of  1967) 


R.  B.  Plisov  and  F.  F.  Latypov 


Deter  lined  in  this  study  are  the  position  and  rotary  derivatives 
of  a ?-wing  noving  above  a solid  screen.  This  probles  is  interesting 
for  a nunber  of  probleis  in  the  dynaaiqs  of  vehicles  which  use  the 
screen  effect  daring  notion.  Studied  is  a thin  T-wing  of  rectangular 


\ 


plan  shape  above  a solid  vail.  The  OXTZ  coordinate  systea  bound  to 

■ 

the  wing  is  shown  in  the  figure.  The  planes  of  the  wing  are 
designated  as  I and  II.  The  direction  in  which  the  V-angle  is 
reckoned  (shown  in  the  figure)  is  considered  positive.  Me  assune  that 

inposed  on  the  translational  notion  of  the  wing  along  the  wall  with 
velocity  Og  are  harnonic  oscillations  of  low  relative  frequency  in 

the  pitch  and  roll  planes.  The  induced  velocities  are  considered  low, 
while  the  vorticit y beyond  the  wing  lies  in  planes  corresponding  to 
the  planes  of  the  wing.  These  assuiptions  are  realized  at  snail 

angles  of  attack,  relatively  great  distances  between  the  wing  and 

surface  , and  when  the  anplitudes  of  the  harnonic  oscillations  are 

snail.  The  condition  of  equality  to  zero  of  the  nornal  velocity 

conponent  of  liquid  particles  should  be  satisfied  on  the  solid 

screen. 

I 

1 

^ The  solution  to  the  problen  is  obtained  by  the  nethod  of  S.  H. 

Belotserkovskiy  [1,  2,  3].  According  to  this  nethod  the  wing  surface 
is  replaced  by  nonstationary  discrete  vortices,  and  the 
integro-diff erential  equations  describing  the  problen  are  reduced  to 
systens  of  linear  algebraic  equations  relative  to  vortez 
circulations.  To  satisfy  the  boundary  equation  on  the  screen  we  east 
introduce  a hypothetical  wing,  which  consists  of  the  airror  iaage  of 
the  boundary  of  the  nain  wing  and  has  a vortez  circulation  of  the 
opposite  sign.  The  planes  of  the  nirror-inage  wing  are  designated  as 
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III  and  IT  {999  figure),  iccordiug  to  [ 1]«  diueusionaless  vortex 
circulations  ( * shece  is  the  span  of  the  horseshoe-shaped 

vortex)  can  be  represented  in  the  fora  of; 

^ Si,  Ik  iOx. 

(1)  r{*/£or-#-/£or /J  ojj+rf  Cl?,. 


d,  « ] 

* L - disensionaless  angular  velocities; 


^ C/o^ 


The  coefficients  of  aerodjnanic  forces  and  nonents  are 
deternined  [ 1 ] 


Cy-Cy  OT+Cy  </+Cy  «,+Cy  Cl), 

^ ^ 

(2)  m,-  m,  or'  -f  m,o('  +m,  o),  -r-m, 

*1x  *)e  • 

ntjg-  rrtg  61^ -hm  ci), 

A, 

Cy;  Cy  ; Cy  ; etc.  In  (2)  represent  the  coefficient  of  the 
position  and  rotarp  derivatives.  These  are  expressed  as 
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diaensionaless  circulations  of  attached  rortices.  The  latter  are 
deterained  froa  the  boundary  condition  of  non-flow  over  the  surface 
of  the  wing,  which,  on  the  strength  of  the  syaaetry  of  the 
longitudinal  axes  can  be  satisfied  at  discrete  points  only  on  surface 
I.  In  the  linearized  fora  this  condition  for  the  V-wing  takes  the 
fora  of: 


where  9^  is  the  induced  velocity  noraal  to  plane  I. 


By  introducing  the  new  coordinate  systea  (sea  figure),  this 

condition  can  be  written  in  the  following  fora: 


(3»)  “O^coy 


C. 


The  solution  to  the  analogous  problaa  for  datacaining 
characteristics  in  the  longitudinal  plana  ( 0}  for  certain 

conplaz  lifting  systens  in  an  unlinited  fluid  has  baan  investigated 
in  t 4 ].  The  expressions  below  differ  sonewhat  fron  those  obtained  in 
[4]  for  the  studied  case.  Roreover,  in  the  present  study  the  rotary 
derivatives  in  the  roll  plane  are  also  deterained. 
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If  we  asssM  tluit  tk«  klnvaatic  paraaeters  change  according  to  a 
law  in  the  fora  of  and  wo  introduce  the  diaensionless 

velocities  induced  bp  the  i>th  vortex  at  the  j-th  point 

relative  frequencies  ( 9“  ••  can 

obtain  froa  (3)  the  following  sjsten  of  equations; 


where  _ 2Xcoaji  ; 


zjtccij  ; 


(5) 


where  is  the  aspect  ratio  of  the  sing;  H - the  nuaber  of 

vortices  for  the  half-span.  Load  r*'"  is  antispaaetical  relative  to 
the  longitudinal  axes,  and  thus  the  systea  for  it  takes  the  fora  of: 


ahfeiiMeUiiUiu. 
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The  systea  for  I]^  is  sritten  analogously. 

In  (4),  (5),  and  (6)  j - 1,  2,  3 ...  a,  where  a is  the  nuaber  of 
Tortices  on  half  of  the  wing: 

lOillj  and  (K  m i,n,I,U}  represent,  respectively,  the  noraal 

coapoBsat  of  plaas  ■ and  the  parallel  coaponent  of  plane  H 
(transverse)  of  the  velocity  induced  by  the  i-th  vorter  belonging  to 
plane  n at  the  j>th  point  on  surface  I;  ^ and  - 

derivatives  of  the  indicated  velocities  for  diaensioalass  frsgaency  q 
when  g = 0. 


Foraulas  for  ^ asre  obtained  in  [2]. 

They  are  written  in  a coordinate  systea  bound  to  the  vortex,  and  thus 
we  aust  know  the  expressions  for  the  coordinates  of  the  j-th  point  on 
I which  refer  to  the  half-span  of  the  vortex  in  all  the  systeas 
related  to  the  i-th  vortex  on  different  planes.  These  expressions  are 
provided  by  foraulas: 

/ 


ilr' 
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i|*  « Sff  hcoi^  +/ljfin  2^ 

-Aj  COi  2/  -i-Ai 

-BJfhiinfi-Aj  -Ji 


where 


J:~2Ar-(2Kj-1)i 

Ai  * 2J\f-{2Ki-i). 


After  solving  the  systems  for  circalations,  the  coefficients  of 
rotary  derivatives  are  found  through  foraulas 


XcoiB  ^ 

AcoiJS 

J 

k 

^6 

n 

(8) 


For  a negative  dihedral  wing  - 0 should  be  substituted 
everywhere  for  0. 


Series  of  wings  with  aspect  ratios  X » 1-4  were  calculated  froa 


the  above  foreulas  on  high-speed  digital  couputer  n-20 


f distance  of  the  wings  fron  the  screen  was  ^ « 0,1*  . I sfstea  with  40 

s 

\ vortices  (n  = 40)  was  selected  as  the  calculation  systna:  8 - over 


the  half-span  (N  = 8)  and  5 - over  chord  (n  = 5).  The  work  of  the 
nachine  was  aonitored  by  a manually  checked  control  variation  and  by 
the  values  of  the  rotary  derivatives  when  8=0,  the  data  on  which 
can  be  found  in  [3].  Results  of  the  calculations  are  presented  in 
Tables  1-4*. 

[FOOTNOTE:  Characteristics  Cy ; Cy  ; m,;  m,  wing  of  X = 3 

given  in  [5],  END  FOOTNOTE.] 


CONCLUSIONS 


1.  At  the  selected  constant  values  of  h for  all  wing  span  ratios 
we  see  a significant  dependence  between  the  studied  characteristics 
and  the  T-angle.  This  is  explained  by  the  different  distances  between 
the  screen  and  wing  sections  at  different  fi  values. 


2.  In  conparing  positive  and  negative  dihedral  wings  for  the 
sane  nininal  distance  fron  the  screen  (when  ^0  ; viiON 

viags  with  the  negative  dihedral  (anhedral)  have 
characteristics  and  deriwatiwes  with  respect  to  7!^  which  are 
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greater  in  absolute  value  than  wings  with  the  positive  dihedral  for 
the  sane  value  of  The  naxiaal  characteristics  and  h derivatives 
with  respect  to  absolute  value  are  possessed  by  flat  wings  O = 0). 

3.  For  V-wings  the  shift  in  the  pressure  center  when  the  height 
above  the  screen  changes  is  less  significant  than  when  0=0. 
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